de Belder, Pumphrey, Skehan, Rimington, Al Wakeel, Evans, Rothman, Mills with a diagnosis of myocardial infarction were included in this study. Patients with haemodynamically important valve disease were excluded. For a diagnosis of myocardial infarction two out of the following three criteria had to be met: (a) typical cardiac pain lasting at least half an hour; (b) a typical rise in the enzymes aspartate aminotransferase and lactate dehydrogenase; (c) changes on consecutive resting electrocardiograms consistent with Q wave (>0 04 s duration and > 25O% of amplitude of subsequent R wave) or non-Q wave infarction; for a diagnosis of non-Q wave infarction, cardiac enzymes had to be raised to at least double the local laboratory upper limit of normal.
Changes in leads I, aVL, and V1-V4 were defined as anterior; changes in leads II, III, and aVF were defined as inferior; changes in V5 and V6 were defined as inferior if accompanied by changes in two out ofthe three leads II, III, and aVF, otherwise they were classified as anterior. Previous infarction was defined as a history of infarction supported by evidence from hospital notes of two of the above factors, or the presence of Q waves on the initial electrocardiogram in a territory showing no evolving changes.
STUDY GROUP
Three hundred and two consecutive, clinically stable, survivors of myocardial infarction (group 1) were identified. Table 1 gives the demographic details.
EXCLUSION GROUP
Fifteen patients were excluded because either they were unable to perform an exercise test or it would have been impossible to interpret the electrocardiograms (fig 1) . These were (a) 10 with physical disabilities (three with severe chronic obstructive airways disease; five with severe locomotor problems; one with a disabling cerebrovascular accident after infarction; one with multiple systemic emboli after infarction), (b) four with left bundle branch block; and (c) one who developed unstable angina after the seventh day but before being able to perform an exercise test. Table 1 shows that there were no important differences in the distribution of age and sex between the groups. The data were analysed to investigate the characteristics of patients who did not undergo an exercise test or cardiac catheterisation or who were lost to follow up.
Those who did not perform an exercise test (group I v group 2)-The 40 patients who did not perform an exercise test (the exclusion group (fig 1) ) had a higher mortality (19 v 6-1%, p = 0'002), a higher mean age (59 v 54, p = 0 0001), and were more likely to have had a previous infarction (22 v 8%, p = 0 01) and to be female (30 v 14%, p = 0 009). There was no difference in the distribution of risk factors, site or type of infarction, or race.
Those lost to follow up (group I v group 4)-More Asian patients (19 v 6-9% of non-Asians, p = 0 005) and more diabetic patients (19 v 7-2% of nondiabetics, p = 0 03) were lost to follow up but there were no differences in age, sex, site or type of infarction, history of previous infarction, or other risk factors between those who were lost to follow up and those who were not.
Those who did not undergo cardiac catheterisationSixteen patients had a positive exercise test but did not undergo cardiac catheterisation ("Not entered", fig 1) . The mortality of this group was significantly greater than that of the patients who had catheterisation (25 v 8-4%, p = 0 02). There were no other significant differences between these two groups.
INTERRELATIONS OF THE VARIABLES
To assess the predictive value of different variables derived from clinical data, exercise testing, and angiography, we analysed the pre-existing relations between the individual variables within these categories. Risk factor data were available for 260 patients, and early 12 Interrelations of data acquiredfrom the history (from group 1) (table 1) The mean age for men was significantly lower than that for women (p = 0 005), and that of the Asian men was significantly lower than that of the nonAsian men (p = 0 0003). The mean age of those who gave a history of previous infarction was not significantly higher than that of those with first infarcts. More women than men had a positive family history (37 v 20%, p = 0 01), and more had had hypertension diagnosed (26 v 14%, p = 0-05). More diabetic patients than non-diabetic patients were known to have hypertension (31 v 14%, p = 0Q02). Although proportionately more of the diabetic patients were non-smokers than the non-diabetic patients (31 v 18%), this difference was not statistically significant. A higher percentage of diabetic patients had electrocardiographic evidence of infarction in both anterior and inferior territories but the difference between the diabetic and non-diabetic patients was not significant.
Interrelations of early clinical events
Among the patients for whom these data were available (a relatively high risk group), only two significant associations were found: (a) three (16%) of the 19 patients in whom angina developed > 48 h after onset ofthe chest pain that prompted admission to hospital had late (>72 hours after infarction) ventricular arrhythmias compared with three (2%) of 151 patients without such angina (p = 0 02); (b) three (9 7%) of 31 the test, and also between the development of a non-significant relation between the development of ventricular rhythm disturbance and the development overt left ventricular failure and mortality. Fourteen of ST elevation. ofthe patients who underwent an exercise test died in the first year; 10 died suddenly (one each at 10, 11, Interrelations of angiographic variables (table 3) and 14 days after infarction, one at two months, three There was no interrelation between the left ven-at three months, and one each at five, seven, and nine tricular and coronary artery scores nor between the months after infarction). Two of them had venleft ventricular and collateral scores. There was, tricular fibrillation; two died within an hour of however, a highly significant association between the complaining of chest pain; two patients died after coronary artery and collateral scores. The group of confirmed recurrent myocardial infarction; one died patients with high coronary artery scores (> 19, see in congestive heart failure at two months; one died of below) were nearly three times more likely to have unknown cause at one month. The "ischaemic" end obvious collaterals (scores 3 and 4) than the group points were interrelated. Thirty (27%) of the 113 with low coronary artery scores.
patients who developed angina in the first year after discharge underwent coronary surgery compared Interrelations of end points with two (1-3%) of 157 patients who did not comThe clinical outcomes, that is cardiac death, an plain of angina (p < 0 0001); the development of "ischaemic" end point (development of angina, fur-further infarction, however, was unrelated to the ther infarction, or requirement for operation), and development of angina or the need for operation. the development ofovert left ventricular failure were analysedbythehiloglinearprocedure.Therewereno SAFETY OF EARLY SUBMAXIMAL EXERCISE TEST associations between these end points other than a There was no mortality and no .major complication 
PREDICTORS OF "ISCHAEMIC" END POINTS
The development of angina pectoris, further infarction, or a requirement for coronary artery bypass grafting in the first year after infarction were all regarded as ischaemic end points. Table 5 shows the variables identified as predictors of an ischaemic end point and their associated relative odds. The coronary artery score was predictive ofthe development of an ischaemic end point; those with a score > 30 were over three and a half times more group.bmj.com on July 6, 2017 -Published by http://heart.bmj.com/ Downloaded from 384 de Belder, Pumphrey, Skehan, Rimington, Al Wakeel, Evans, Rothman, Mills 385 00005), angina >48 hours after infarction (p = 0-002), and non-Q wave infarction (p = 0 008) were independent predictors ofthe development ofangina in the first year after discharge. These three variables were also independently predictive of the need for operation (p = 0 003, p = 0-008, and p = 0 001 respectively). The only predictor of further infarction was the presence of non-Q wave infarction (p = 0-009). (c) All features, including angiographic variables. A high coronary artery score () 19) (p < 0 0001), the development of angina on the exercise test (p = 0-0008), and early angina (p-001) were independent predictors of these end points. Analysis for the separate components of this group of end points showed that these variables were independent predictors of angina in the first year after discharge (p < 0001, p = 00001l, andp = 0-03 respectively); the need for operation was predicted independently by a high coronary score (p < 0 0001), non-Q wave infarction (p = 0 001), and early angina (p = 0 003); non-Q wave infarction was the only predictor for myocardial infarction (p = 0 01).
Univariate analysis

PREDICTORS OF THE DEVELOPMENT OF LEFT VENTRICULAR FAILURE
Univariate analysis Table 5 shows the variables that predicted this end point together with their associated relative risks.
The mean left ventricular score of those who later developed left ventricular failure was higher than that of the patients who did not, but this difference did not reach statistical significance. More detailed analysis showed that patients with a score > 25 or more were twice as likely to develop failure as those with a lower score (fig 3b) . The coronary artery score was not predictive for this outcome nor was the collateral score. It is important to define the population that has been investigated in a clinical study. We investigated consecutive survivors of myocardial infarction who were clinically stable seven days after admission to hospital. The demographic details of our patient group differ from other studies of men220 or nonconsecutive patients.2"' We set out to evaluate the contribution of the exercise test in identifying high risk groups among clinically stable survivors of infarction. The exclusion criteria mean that 13% of the patients did not perform an exercise test. As with other studies,4.7'8 the mortality of this exclusion group was higher than that in the exercise test group (19% in the first year compared with 6%). This was expected because the excluded group contained patients with high risk factors and other important medical conditions. An early submaximal treadmill exercise test was performed by 87% of all the clinically stable survivors we identified. We had hoped to include all patients fitting the entry criteria for the study protocol, but further analysis of the exclusion group showed that a disproportionate number of women did not perform the exercise test; this may be because the general physicians under whose care they had been admitted tended to treat women more conservatively. The exclusion group was significantly older than those who exercised; this is partly because older patients were more likely to have other midical conditions that prevent them from performing the test.
In some reports the study group contained proportionately more patients with inferior infarction,2 18 ' because of the exclusion or selection criteria. It becomes difficult under these circumstances to extrapolate to all survivors ofinfarction. In our study there were equal numbers of patients with anterior and inferior infarcts in the group that performed an exercise test. Exclusion of patients with heart failure2 2'2 early after infarction may select out patients with large anterior infarcts and this limits the value of the exercise test in predicting late complications.
The analysis of risk factors in this study emphasises the association between smoking and myocardial infarction.2' Analysis of the interrelations between risk factors and other demographic data showed some interesting associations. Women were older and more likely to have a family history of coronary disease and a history of hypertension than men. Multiple risk factors were shown to have an additive effect in the prediction of future ischaemic events. Analysis of the demographic data also showed that Asians and diabetic patients were more likely to be lost to follow up.
Use Multivariable analysis showed that ventricular arrhythmias occurring >72 hours after infarction but before discharge and during the exercise test were independent predictors of mortality, but when the angiography was added to the analysis the extent of left ventricular damage replaced exercise induced arrhythmias as an independent marker for this end point. Similarly, angina (early) after infarction, angina occurring during the exercise test, and the prescence of non-Q wave infarction were independent predictors of all ischaemic end points in the first year after discharge. When angiographic variables were added to the analysis, however, the extent of coronary disease replaced non-Q wave infarction as an independent predictor. Sub-analysis for the separate ischaemic end points showed that the extent 386 group.bmj.com on July 6, 2017 -Published by http://heart.bmj.com/ Downloaded from Exercise testing after infarction of coronary disease and angina occurring early and during exercise predicted the development of angina later in the year. The need for operation was predicted independently by the extent of coronary disease, the development of early angina, and non-Q wave infarction but not independently by the development of angina during the exercise test. Of all these variables, only non-Q wave infarction predicted further infarction. A double product > 10 000 before exercise testing was the only independent predictor of future left ventricular failure. When a left ventricular score > 21 was considered this gave no additional prognostic information, but the likelihood of this event was related to the extent of ventricular damage. A score of21 was selected because it was not only the mean for the group who had angiography but it was also the level at which the odds of dying were doubled by a high score ( > 21).
The criteria used to define a positive exercise test have thus been confirmed as being useful markers for clinical end points. We did not include ST elevation in the infarct zone of the electrocardiogram as a criterion for a positive exercise test. Because some patients with this feature went into the negative group and thus did not undergo cardiac catheterisation, we can draw no conclusions on the relative values ofthis criterion and the variables generated by angiography. Although in this study it was not itself predictive of first year mortality, there was an association between ST elevation and the development of ventricular arrhythmias on the exercise test and we have data (not yet published) to support other groups' findings that it is associated with the extent of left ventricular damage.2" ' ' When the discriminatory power of a positive exercise test was reanalysed with ST elevation included as a feature, the test became 100% sensitive in predicting mortality, although it was less specific.
Conclusions about outcome established by the analysis ofthis study group reflect the natural history after infarction as modified by current treatment. It was intended that all patients with a positive exercise test should receive a ( blocker; not all patients could tolerate this treatment, either because of poor left ventricular function or chronic obstructive airways disease. Antianginal treatment (whether medical or surgical), treatment for heart failure, and antiarrhythmic treatment were added as appropriate. Those with negative exercise tests were managed at the discretion of their referring physicians; not all received a/ blocker and despite a lack ofstandardised management, the one year mortality in this group was small (one of 113 patients with complete follow up, 0 9%, 95% confidence interval 0 02-4 6%).
The early clinical features available to the physician (including features of the chest radiograph 387 and electrocardiogram) have been used in several risk stratification scores.'031 We studied patients who were haemodynamically stable and who were about to go home after infarction. We attempted to consider not only their overall risk for dying, but also the variables that are able to predict specific end points that might have been avoided by specific treatments. We do not propose that submaximal exercise testing should replace previous stratification scores, but rather than they should supplement them when haemodynamically stable patients are about to be discharged home.
Risk stratification after infarction permits the identification of low risk patients who can be reassured, need few follow up examinations, and may not need secondary preventive medication. Appropriate treatment resources can then be concentrated on the high risk groups. The early development of clinical events (such as cardiogenic shock or continuing ischaemic pain) will identify one high risk group. For those being discharged from hospital, it has been established that the use of (i blockers improves the chance of survival in the first year after infarction'2; however, patients with poor left ventricular function may not tolerate these drugs. This study showed that despite their use (and that of other standard treatments such as coronary artery surgery and antiarrhythmic agents), high risk groups are still discernible. Coronary artery bypass grafting improves prognosis for patients with certain arteriographic patterns of disease,"3335 and it is probable that this is valid for patients after infarction.'6 Studies need to be conducted to establish whether the benefits of other specific treatment regimens outweighs their hazards, and those patients most likely to be helped must be identified. A protocol that used submaximal exercise testing followed 
